I . Individual body fat and body measurements such as lengths, girths and selected skinfold thicknesses were determined in our laboratory strain (BHE), a highly inbred strain (IN) of BHE rats and in a strain of Wistar rats. Measurements were made on unconscious rats in less than 5 min per rat just before autopsy; body fat content was determined in individual rats of both sexes at 50, 100 and 300 days of age.
Total body length. The animal was placed, abdomen down, on a sheet of graph paper marked in cm. T h e nose was placed at the top of the sheet and total body length measured from its tip as it touched the top line (as viewed by the measurer from above) to the anus. The nape of the neck was stretched forward as the tail was pulled backward. This simple procedure (Acheson, Macintyre & Oldham, 1959) was quite satisfactory for 50-day-old conscious and all unconscious rats.
Tibia length. The length of the right, lower leg was measured from the patella to the lateral malleolus; it is referred to herein as the tibia length.
Tail length. The animal was placed at the top of the graph paper and the tail stretched from the anus to its tip.
Girths. A cloth Lufkin tape marked in cm was used. The rat was held upright by the nape of the neck and, while in this position, the tape was stretched, (I) around the chest at the xyphoid level and (2) around the abdomen approximately 2.5 cm below the umbilical level.
Skinfold thicknesses. While the rat was still in the upright position skinfold measurements were made with a calibrated Lange caliper. Readings were taken while holding the caliper horizontal to the upright posture of the rat. The three skinfolds selected were those which had provided information on fatness in man (Hammond, 1955 ; Tanner, 1959) : (I) below the tip of the right scapula, (2) right triceps, and (3) I in.
below the umbilical level. When it became apparent that neither triceps nor abdominal skinfolds were providing large variations in thickness, the right leg skinfold thickness (groin area) was added. Skinfold measurements were presumed to be representative of the species.
Carcass analysis
As soon as the measurements were completed the body cavity was opened and 3 ml blood were removed by heart puncture from 100-and 300-day-old animals. (No blood was removed from 50-day-old rats.) Any evidence of gross abnormalities was recorded. T h e stomach and entire gastro-intestinal tract were removed and emptied of their contents. The carcasses, including the organs after weighing, were placed in individually tared jars, sealed, reweighed and autoclaved at 120' for 15 min, to facilitate homogenizing of skin and tail, and then frozen until analysed for fat. Organ weights and serum cholesterol of the rats in this study will be reported later.
The entire carcass was homogenized in a heavy duty blender after partial thawing with twice its weight of distilled water. This required a maximum of 5 min. Fat was determined gravimetrically after acid hydrolysis and extraction with ethyl ether and light petroleum in modified Mojonnier tubes. Pooled samples of rats of each age, strain and sex group were prepared by combining either 5 or 10 yo of the total homogenate and re-homogenizing ; they were analysed for moisture, ash, protein and fat.
Statistical procedures
Results were analysed by the method of least squares (Harvey, 1960) . A model was fitted which measured the effects due to age, sex and strain. I n addition, the effects of which particular age-sex, age-strain and sex-strain subclass a rat came from were fitted in the model. That is to say, there is an effect of a rat being a male and an effect
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of being an I N rat and in addition there is an effect of being both a male and an IN rat. This we shall call the interaction of sex and strain. A further analysis was then undertaken to consider the effect of final body-weight on the variables measured. The effect of final body-weight was removed statistically from the sex, strain and age effects to determine whether the sex, strain and age differences were real or due to differences in final body-weight. The t test was used to evaluate differences among the various subclass means after the analysis of variance. Simple correlation coefficients were calculated for g body fat ( Y ) z1. the variables ( X ) for individual rats in each age, sex and strain group.
For the formulation of multiple regression equations a model was fitted which permitted the elimination of body measurements that did not significantly contribute to the prediction of total carcass fat. The model used contained 5 degrees of freedom for the sex-strain subclass groups as well as the continuous variables and the interaction of sex and strain separately with the continuous independent variables. This approach further allows the fitting of the three-way interaction of the continuous variables by sex-strain subclasses; the model contained I degree of freedom for the average regression. When there was a difference in the relationship between the X and Y variables in the various sex-strain subclasses, this difference was considered, otherwise the average regression was used. T h e variance in each model represented not only the variation due to the body measurements ( X variables) but to sex and strain of the rats as well. Results for rats of both sexes of each of the three age groups were treated separately. Thus, for each age group predictions cannot be made for animals outside the ranges of values included in the analysis.
R E S U L T S

General considerations
Raw means for body-weight; body composition, lengths of body, tibia and tail; chest and abdominal girths and four skinfold thicknesses are presented in Tables I  and 2 for animals grouped by age, strain and sex. Table 3 gives the results for body fat and body measurements adjusted for body-weight. The presence of statistically significant interaction between two main effects such as age and sex requires a different interpretation from the usual. I n some instances, differences between means, which were statistically significant because of the large numbers of rats involved in the error mean square, were too small to be of biological importance. However, several points were clearly demonstrated. One of the points that will be emphasized is that though body-weight is strongly associated with age, sex and strain it does not fully explain age, sex or strain differences in many of the variables measured.
Ejfect of age. Results of the analysis of variance showed that, as expected, bodyweight, total body fat and all body measurements increased significantly with age. But, since nearly all age-strain and age-sex interaction terms were significant, these differential effects will be discussed further. Adjusting the results to account for differences in body-weight of the animals removed the significance only for differences in abdominal girth and the triceps skinfold thickness. Body-weight and compositions of rats of three ages, three strains and both sexes Effect of strain. Significant strain differences occurred among means for body-weight, total body fat and body measurements except for chest girth. Wistar rats were smaller and leaner than BHE rats, but the body fat of Wistar rats was not different from that of the larger I N rats. Significant differential responses for strains and sexes occurred for body-weight, body fat, tibia length and leg skinfold. This interaction was due to the similarity of females among the strains in many of the measurements, but with differences particularly in body-weight and fat occurring among the males. Among strains, body-weight did not account for significant differences for any measurement except tail length. Differences in body-weight explained the differences in body fat between BHE and Wistar rats, but the larger I N rats were still the leanest.
Effect of sex. Significant differences due to sex occurred among body-weights, body fat and all body measurements. I n all instances males had the largest component parts, including total fat which was a smaller percentage of their weight than it was in females. Sex differences in tail length, abdominal girth and all skinfolds except the leg were removed when the values were adjusted for body-weight.
Age-sex interaction. Mean values for the sexes were usually closest at 50 days, farther apart at IOO days and farthest at 300 days. Adjusting total fat for body-weight increased the difference between the sexes. This fact emphasizes the more rapid deposition of fat in the female. Subscapular fold and chest girth showed similar relationships for both sexes at 300 days, the period of maximum fatness. Obviously there is an increase in muscle tissue as well as in fat when chest girth and subscapular fold increase in size in the rat. The triceps skinfold showed significant age-sex interaction only when adjusted for body-weight-being smaller at 50 days for females, the same in both sexes at IOO days and larger for females at 300 days.
Age-strain interaction. I N rats were the lightest strain at 50 days and the heaviest at IOO and 300 days. Wistar rats were intermediate for weight at 50 days, approximately the same as BHE rats at 100 days and lightest at 300 days. BHE rats were heaviest at 50 days and intermediate for weight at 300 days. Mean body-weights did not parallel mean body fatness. On the average, BHE rats were fattest at all three ages but were not significantly different from Wistar at 50 and IOO days. I N rats were leanest at 50 and IOO days and not significantly different from Wistar rats at 300 days. After adjustment of the results for body-weight, I N rats were fattest for their weight at 50 days but leanest at IOO and 300 days. BHE rats had more fat for their weight than Wistar rats only at 300 days. There were no differences in tibia lengths of BHE and Wistar rats at 300 days when their body fat differed, but I N rats had the shortest tibias. I N rats had smaller chest and abdominal girths for their weight at 300 days than the other two strains, though the chest girth of BHE rats decreased at 300 days.
Proximate composition
Increases in fat-free weight and in amounts of individual components with age are shown for each sex and strain ( Table I) . I n the fat-free body, however, there was a slight decrease in the proportion of water from 50 to IOO days with no further change at 300 days. On the contrary, the proportion of protein in the fat-free body increased slightly from 50 to IOO days, though the differences were not large. Individual variation Large variations in total body fat occurred among rats of the same body-weight regardless of sex, strain or age. Variation in total fat was least at 50 days in both sexes but increased greatly at IOO and 300 days; it was considerably greater in the males than in females. When total body fat was plotted against body-weight the graph was curved, owing to the large ratio of fat to weight in some of the females at 300 days. Otherwise, on an arithmetic basis, the points would essentially fit a straight line. There was no apparent advantage in plotting the logs of these values since reduction in the variation of 100-and 300-day-old males and females was accompanied by a greater scatter for 50-day-old rats. Further, converting arithmetic means into logarithms and plotting body fat ( Y ) against body-weight ( X ) showed that the growth of fat stores was similar in all strains in relation to weight for the first two ages, except for the Wistar strain, in which the rate of growth of fat stores decreased between IOO and 300 days. Therefore, in the Wistar strain, body fat and body-weight were not linearly related. The conclusion may be reached that either fatness or leanness may be associated with large body size, a well-documented observation in man. Drawing one line for the means of these groups would provide erroneous information as to the make-up of these individual populations. Table 4 shows 'R2' values resulting from correlation of body fat with body-weights and measurements for each of the eighteen groups of rats. These ratios show the amount of the total variation in body fat accounted for by the measurements and indicate the precision of predicting total body fat from the measurements individually. The results may be summarized as follows: ( I ) Correlation of variables with fat is different for groups of rats selected at different ages. I n practice, most nutrition investigators do not select animals over a wide range of age and size. Results of limited studies are usually interpreted to have wide application. Such interpretations could be misleading when applied without regard for the period of time covered in studies of body composition. (2) Body measurements other than body-weight, such as length, girths and skinfold thicknesses, are good predictors of total body fat though different for different strains or sexes, and may be useful, in studies on human beings, in determining relationships between subcutaneous and total fat. (3) Although the tibia length cubed shows good correlation with total fat in groups of male or female rats, there was no difference between using the actual tibia length or tibia length cubed as a predictor. (4) Length of the rat in proportion to body-weight, though inversely related to total fat, was the only variable which yielded highly significant correlations with fat at all Tables 5 and 6 give values necessary for formulating multiple regression equations for predicting total carcass fat of both sexes of the three strains of rats at each age, Table 6 ).
Interrelationships between body f a t , body-weight and body measurements
5 Partial regression coefficients with two asterisks, P < 0.01; one asterisk, P < 0.05; dagger, P < 0 1 0 .
-I969 based on final live body-weight, lengths, girths and selected skinfold thicknesses.
A complete regression equation includes (I) the appropriate adjusted mean, (2) partial regression coefficients of the X variables (predictors) found to be of significance i n predicting the selected Y variable for each age group and for the six sex-strain (Table 6 ). An equation to predict the total carcass fat of a 300-day-old BHE male rat would have the form
substituting in the equation the values for the X variables for an individual rat. Prediction of total carcass f a t (g) As is usually the case, the equations predict best the individual values nearest the mean values of the Y variables. Not unexpectedly, the predictor common to all equations was final body-weight. Body length, abdominal girth and subscapular skinfold were common to all except one set of equations. Chest girth, tibia length, triceps and abdominal skinfolds decreased in frequency of appearance in that order.
Some characteristics of the rats can be ascertained by careful perusal of the b values in Table 5 . For example, for the 300-day-old BHE rat, fatness is associated with shortness of the body, small chest girth, thin subscapular skinfold and large abdominal girth. On the contrary, in the leaner IN male rat of the same age fatness is associated with body dimensions in the opposite direction. I n the Wistar rat of the same age, fatness is related to total length, chest girth and subscapular skinfold somewhat as in the BHE rat. The major difference is in the tibia length, which is shorter for the Wistar rat (not quite significant) and longer for the BHE rat with respect to increase in total fat.
D I S C U S S I O N
I n the present study, while we have not produced direct evidence for genetic differences in fat accumulation or metabolism among the rat strains, we have shown some indirect support for this concept. Body dimensions are known to be genetically influenced ; body fat is associated with body dimensions. Therefore, body fat appears to be subject to at least indirect genetic influence. We have direct evidence that BHE rats are genetically variable for traits affecting fatness, i.e. the relatively lean I N strain was selectively bred from BHE animals. While body-weight is a factor, it is not the only factor. Variations in body fat of rats of the same body size may be caused by differences in food intake or utilization or in metabolic rate, with or without differences in genetic potential for fatness. The genetic factor present in BHE rats and in some individual rats of each strain apparently is not dependent upon large increases in body-weight for expression.
Although food intake of these rats fed on a commercial low-fat stock diet was not measured in the present study, previous measurements showed that the largest but leanest rats ate the most (Marshall & Lehmann, 1967) , and although BHE rats ate more of some diets than Wistar rats (Marshall & Hildebrand, 1963) , differences in food intake do not explain the basic differences in the fat metabolism of these strains. Nor is there any evidence that we are aware of to indicate that food intake alone can be related to differences in fat patterning or to any relationships among dimensions of the body and location of fat depots. I n fact, such relationships are thought to be hormonally influenced. Differences in gastro-intestinal contents, useful as an indication of the food habits of the three strains presented herein, were consistent with previous observations that the largest strain ate the most food. I n addition, the results that show age and sex effects are clearly not the result of body size alone. It is well established that hormones influence mobilization of fat. Weber, Singhal, Stamm & Srivastava (1965) postulated the arrangement in genetic chains of key gluconeogenic and key glycolytic enzymes which act in concert as functional units that influence the direction of a metabolic pathway. Free fatty acids operate as an effective ' metabolic directional switch' because physiological levels inhibit hepatic pyruvate kinase activity and, as a result of this inhibition, are capable of facilitating gluconeogenesis (Weber, Lea, Convery & Stamm, 1967) . It is tempting therefore to speculate that in this way a balance of hormones could indeed influence an individual's potential for accumulating excess amounts of body fat.
The constancy of the fat-free body, already questioned by Wedgewood (1963)~ needs further investigation. But the fat-free weights of male rats in the present study showed that the chief difference in body composition of BHE and Wistar rats was fat, although differences in ash content of 300-day-old male rats were probably real. The tendency, observed in this study, for older BHE rats to become fatter than Wistar rats has been reported but is not invariably seen (Marshall & Hildebrand, 1963) . With one I969 stock diet (Animal Foundation Laboratory Diet; Standard Brands, Inc.) which produced kidney changes, particularly in BHE rats, small weight losses occurred and apparently obscured strain differences in body fat.
Although inter-individual variations were least among the highly inbred I N rats, we cannot explain why such large variations did occur. This finding, however, is not unusual and has been pointed out by others (Williams & Pelton, 1966) . Whether individual differences in weights, lengths and girths can be attributed only to continuous variations representative of quantitative inheritance of these traits has not yet been tested. Individual differences must be reckoned with in rate of fat storage and in requirements for individual nutrients. The importance of this recognition in man and animals has already been suggested (Williams, 1956) .
The demonstration that different body dimensions are associated with different degrees and patterns of body fattening in the strains of rats studied emphasizes the need for information on inter-individual and inter-strain differences in rat populations for consideration when diet studies are conducted. Differences with a stock v. a purified diet have been demonstrated in total fat storage of BHE rats (Marshall, Hildebrand, Dupont & Womack, 1959) and in in vitro lipogenesis of adipose tissue of Charles River rats (Di Giorgio, Bonanno & Hegsted, 1962) . Further investigation is needed to determine whether differences obtained in the present study with a stock diet would be the same with a purified diet.
Heredity of individual human subjects as an important source of variation in body composition was recently emphasized by Seltzer & Mayer (1964) , who dealt with the estimation of fatness with respect to genetic and constitutional factors in body build and obesity in adolescent girls. These authors consider the use of the terms overweight, relative weight, or absolute weight unsatisfactory as phenotypes in the study of obesity since they fail to take into account the body build or body composition of the individual (Seltzer & Mayer, 1966) . The use of the triceps skinfold thickness was suggested as a reliable measure of fatness in adolescent girls (Seltzer, Goldman & Mayer, 1965) . Such a decrease in chest girth with increasing age of obese human females was observed by Angel (1960) . I n addition, Beal(1965) demonstrated that body-weight of children, as a single concept, is inadequate without some estimate of body composition, and that calorie intake does not always have a simple positive correlation with weight.
Inheritance of body size in animals (Falconer, 1960; Kidwell, Weeth, Haverland, Clark & Shelby, 1960; MacArthur, 1944) has been established, but little is known about the inheritance of obesity except for some types of mouse (Falconer & Isaacson, 1959; Fenton, 1956 Fenton, , 1960 Mayer, 1963; Hanson & Fenton, 1966 (1963) have not observed age-associated changes in body fat in the rat. I n their strains body fat was found to be proportional to body-weight. Under conditions of forced-feeding, body-weight alone as an index of body fat in rats may be misleading (Cohn & Joseph, 1959) . However, in the present study we have found that body fat increases with age but that correction for changes in body-weight does not account entirely for differences in fatness observed at the various ages studied.
Sex differences in total fat content in rats under specific conditions also have In addition, a study of fat storage in six depots in rats showed differences in fat patterning between the sexes (Outhouse & Mendel, 1933) . Relatively few studies have reported body dimensions but the need for such measurements as indices of rat growth has been stated (Acheson et al. 1959) . In early studies, a definite relationship between body-weight and total length in rats was reported (Outhouse & Mendel, 1933 ; Donaldson, 1924) . Animals of the same age had bodies of widely different dimensions. Lengths of Yale, Long-Evans and Wistar rats (Dunn, Murphy & Rockland, 1947) paralleled their body-weights; definite strain differences were suggested. Increase in tibia length with total length of Sprague-Dawley rats was shown to vary with age as well as with body-weight (Berg & Harmison, 1957) . Plots of log tibia length v. log body length and tibia length v. +?'wei ght showed that values for both sexes fell on the same line. Female Wistar rats made obese by injury to the hypothalamus were shown to have markedly different girth to length ratios from normal controls (Brooks & Lambert, 1946) . Some body measurements as well as fat of ' normal ' Sprague-Dawley rats were recently reported to be significantly related to body-weight (Joy, Knauft & Mayer, 1967) . The effect of growth and development on the composition of animals has been studied in numerous ways. Laird (1965) suggested that the Gompertz equation more fully characterizes relative growth when large periods of time are covered. With full maturity the relationships may be characterized as a simple arithmetic process. Indeed this was so in almost all of the relationships studied herein.
One of the handicaps to progress in the prediction of body fatness has been the lack of an appropriate definition of obesity. Much progress has been made in predicting by indirect techniques the body fat content of man (Keys & Brogek, 1953; Garn & Harper, 1955; Broiek, 1956 Broiek, , 1965 Young, 1964; Durnin & Rahaman, 1967) . However, more information is needed to determine why individuals vary with respect to the accuracy of the predictions.
In spite of the progress, many questions remain unanswered. How is subcutaneous fat related to total fat content? What factors are responsible for sex differences in fat content and fat patterning? Are body-weight and specific gravity the best indicators of total fatness? Is fatness inherited? If so, how? To what extent is the potential for obesity influenced by diet or metabolic defects or both?
Obviously, animals must be used to provide the kind of precise evaluation of the accuracy of indirect techniques in predicting live body composition. Specific gravity, potassium-40, body water content, creatinine excretion, cubed tibia length and bodyweight have been used with some success in predicting fat content of some animals (Rathbun & Martin, Kessler, Stant, Christian & Andrews, 1963) . Simple and non-traumatic techniques are desirable when the need arises, as in breeding experiments for surveying large numbers of animals for body fatness. If the rat could be used as the test animal to provide some of the answers to questions raised with respect to human body composition, an ideal situation would be presented because of the similarity of nutri-tional requirements for many of the metabolic processes. Perhaps characteristics of different rat strains may be representative of individual variations and the study thereof may shed some light upon this complex subject.
I n the present study a series of measurements were described which can be made in less than 5 min per animal from which body fat can be predicted. It is clear that the association of these measurements with composition of the body varies with age, sex and strain of the animals studied, and that regression equations must be developed from a sample of the group to which they are to be applied. Since some types of purified diets are known to influence the rate of fat deposition in rats (Marshall et al. 1959), equations may be influenced by the nature of the diet. It is clearly necessary to take into account body dimensions other than weight to obtain an optimal prediction of body fat. The complex but statistically verifiable relationships between body and skeletal measurements and carcass fat support the concept that genetic factors which influence body build also affect the accumulation of body fat.
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